People who are physically ill often have psychiatric problems. The reported prevalence of depression ranges from 10 to 25% of patients with chronic physical disease 1-3 and above 30% in patients admitted to hospital with physical illness 4 or severe illnesses resulting in impaired physical function. 5, 6 At the same time, a number of population studies have shown an increased risk of suicide associated with a range of specific physical illnesses 7-13 and with general physical ill health. 14-16 A recent Danish study has further demonstrated that the elevated suicide risk associated with physical illness increased progressively with frequency and recency of admission to hospital as well as with comorbidity involving several organs or systems of the body.
People who are physically ill often have psychiatric problems. The reported prevalence of depression ranges from 10 to 25% of patients with chronic physical disease [1] [2] [3] and above 30% in patients admitted to hospital with physical illness 4 or severe illnesses resulting in impaired physical function. 5, 6 At the same time, a number of population studies have shown an increased risk of suicide associated with a range of specific physical illnesses [7] [8] [9] [10] [11] [12] [13] and with general physical ill health. [14] [15] [16] A recent Danish study has further demonstrated that the elevated suicide risk associated with physical illness increased progressively with frequency and recency of admission to hospital as well as with comorbidity involving several organs or systems of the body. 17 It is known that psychiatric disorder is strongly associated with risk of suicide, 18 and the effect of physical illness on the risk is also important although generally less strong. 13, 15, 17, 19 The two types of illness often co-occur, 20, 21 but the order of development of comorbidity may vary. Little research has examined the combined effect of comorbid physical and psychiatric illnesses on risk of suicide with a large sample of the general population, 22 and especially the extent to which risk varies according to whether physical illness precedes the development of psychiatric disorder or vice versa. Large-scale investigations are required for such studies to provide definitive findings.
We therefore conducted the present study utilising data from Danish population registers. Our aims were: first, to examine the nature of the comorbidity of physical and psychiatric illnesses in people dying by suicide compared with living controls; and second, to study the temporal interaction between onsets of physical illness and psychiatric disorder as well as its effect on risk of subsequent suicide.
Method Study design and participants
This study was based on the entire population of Denmark (5.5 million), a country where hospital treatment is provided free of charge to all residents. We applied a nested case-control design to select participants, and retrieved individual-level data from five national longitudinal registers through the unique personal identifier assigned to all Danes at birth and to new immigrants in the Danish Civil Registration System. 23 The Cause of Death Register 24 records the cause and date of all deaths that have occurred in Denmark since 1969. It enabled us to identify all suicides (n = 27 380, codes E950-959 in ICD-8 25 and X60-84 in ICD -10 26 ) that occurred during the 26-year period 1981-2006. In line with previous Danish suicide studies, 10, 17, 18 we included as study cases only deaths for which the cause of death was a definite suicide. We excluded individuals (n = 118) who were not residing in Denmark on 31 December of the preceding year because their socioeconomic information was incompletely recorded in the IDA database 27 -a Danish acronym for the Integrated Database for Labour Market Research that contains yearly information on sociodemographic status for all residents.
Using a nested case-control design we randomly selected comparison controls through incidence density sampling, 28 i.e. sampling controls from individuals who were alive and therefore at risk of suicide when their matched case died. Up to 20 controls per case, matched by gender and date of birth, were drawn from a 25% representative sample of the national population in the Civil Registration System. 23 
Aims
To examine how physical illness and psychiatric comorbidity interact to influence risk of suicide, with particular focus on relative timing of onset of the two types of illness.
Method
Based on the national population of Denmark, individual-level data were retrieved from five national registers on 27 262 suicide cases and 468 007 gender-and birth-date matched living controls. Data were analysed using conditional logistic regression.
Results
Both suicides and controls with physical illness more often had comorbid psychiatric disorder than their physically healthy counterparts. Although both physical and psychiatric illnesses constituted significant risk factors for suicide, their relative timing of onset in individuals with comorbidity significantly differentiated the associated risk of suicide. While suicide risk was highly elevated when onsets of both physical and psychiatric illness occurred close in time to each other, regardless which came first, psychiatric comorbidity developed some time after onset of physical illness exacerbated the risk of suicide substantially.
Conclusions
Suicide risk in physically ill people varies substantially by presence of psychiatric comorbidity, particularly the relative timing of onset of the two types of illness. Closer collaboration between general and mental health services should be an essential component of suicide prevention strategies.
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99.6% of all national suicides during the study period, and 468 007 live controls, were included in the study.
Explanatory variables and covariates
We assessed history of physical illness through patient records in the Danish National Hospital Register. 29 This register contains individual-level data on diagnosis and date of contacts with all general hospitals in Denmark from 1978 for in-patient contacts and from 1995 for out-patient contacts (visits to emergency rooms, hospital out-patient clinics and ambulance calls). Diagnoses of illness, as well as causes of death, were coded according to ICD-8 until the end of 1993 and ICD-10 thereafter (ICD-9 was not used in Denmark). For each case and control, we retrieved records of in-patient treatment for physical illness prior to the date of suicide or the matching date for controls. We excluded the following conditions from our definition of physical illness: mental and behavioural disorders (ICD-8: 290-315; ICD-10: F00-F99), pregnancy, childbirth and certain conditions of the prenatal period (ICD-8: 630-678, 760-779; ICD-10; P00-P99) and external causes (ICD-8: 800-999; ICD-10: S00-Y98, including all accidental or intentional poisonings and injuries).
To assess comorbid psychiatric disorder, we obtained personal data on contacts with psychiatric hospitals or wards, either as an in-patient or an out-patient (i.e. being treated at psychiatric emergency rooms, ambulance calls, and hospital out-patient clinics) from the Danish Psychiatric Central Register. 30 This register covers all psychiatric hospitals or wards in Denmark and maintains cumulative records of in-patient contacts since 1969 and out-patient contacts since 1995. We retrieved date of the first contact with a diagnosis of schizophrenia spectrum disorder . We considered these disorders independently and only when they were the primary diagnosis that led to hospital contact.
We also extracted personal data on sociodemographic factors (i.e. marital status, annual gross income, place of residence, citizenship) from the IDA database 27 based on records for the year preceding suicide. These factors are known risk factors for suicide and psychiatric illness 18, 31 and were therefore included in the analyses for data adjustment.
Statistical analysis
We constructed contingency tables for variables of interest and computed the associated risk of suicide using conditional logistic regression with the PHREG procedure available in SAS version 9 for Unix, 32 with each case forming a separate stratum. Conditional odds ratios and their 95% confidence intervals (CIs) were estimated. Because we sampled controls from individuals who were alive at the point of matching and thus at risk of suicide (i.e. incidence density sampling), the estimated odds ratios from the analyses were virtually equivalent to incidence rate ratios (IRRs) generated by survival analyses of the whole cohort. 28, 33 The crude IRRs were adjusted only for age and gender through matching. The adjusted IRRs were further adjusted for effects of sociodemographic factors and the main effect of psychiatric history where applicable. The Wald test was used to determine the significance of relative risk against the reference group. Interaction between physical illness and psychiatric disorder was additionally examined through the likelihood ratio test. All P-values were two-sided and 95% CIs were reported.
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Results

Description of study population
Of the 27 262 people who died by suicide in Denmark during 1981-2006, 63.5% had a recorded admission to hospital for physical illness compared with 44.5% of comparison controls (w 2 = 3738.51, P50.0001). Among suicide cases, those with physical illness significantly more often died from poisoning (38.1%) compared with counterparts who did not have a recorded physical illness (31.9%; test of differences: w 2 = 107.44, P50.0001). For both suicide cases and comparison controls, psychiatric illness (in almost all specific diagnostic groups) was significantly more common in individuals with physical illness compared with counterparts without physical illness (Table 1) . Among the suicide cases, 40.8% of physically healthy and 47.2% of physically ill cases had a hospital-treated psychiatric disorder prior to suicide. The presence of psychiatric history was substantially more common in female than male cases (P50.0001).
Moreover, a substantial proportion of patients with physical illness, especially those dying by suicide, developed psychiatric disorder and had their first contact with psychiatric hospitals after being admitted to hospital for physical illness (Table 1 ). In both suicide cases and controls, affective disorder and substance use disorder were the most common psychiatric disorders that physically ill patients were likely to develop, whereas affective disorder and schizophrenia spectrum disorder were the two most common disorders in those without physical illness. Of patients who died from suicide, 14.0% had their first hospital contact for affective disorder and 10.0% for substance use disorder after being admitted to hospital for physical illness. Overall, 28.4% of cases had their first psychiatric hospital contact subsequent to being admitted to hospital with physical illness.
Independent effects of physical illness and comorbid psychiatric illness on suicide risk
As expected, both physical illness and psychiatric disorder constituted significant risk factors for suicide, with a crude IRR of 2.13 (95% CI 2.07-2.18) associated with the presence of physical illness and 15.92 (95% CI 15.47-16.39) associated with a psychiatric history. At the same time, the two types of illness interacted significantly with each other to increase suicide risk in all persons (test of interaction: w 2 = 265.96, P50.0001), and in men and women separately (w 2 = 178.00, P50.0001 for men; w 2 = 169.51, P50.0001 for women). Table 2 shows the independent IRRs for suicide associated with physical illness alone, psychiatric disorder alone and comorbidity of both types of illness. Although suicide risk was highly elevated in people with psychiatric disorder, the risk was also significantly increased in those with only physical illness. More interestingly, compared with the effect of psychiatric disorder alone, comorbidity of physical illness and a pre-existing psychiatric disorder was associated with a significantly lower suicide risk (Table 3 ) (crude IRR = 0.92, 95% CI 0.87-0.98, P = 0.0054). However, development of psychiatric disorder following onset of physical illness increased the risk of suicide substantially (crude IRR = 1.50, 95% CI 1.42-1.59, P50.0001).
It is obvious that a subsequent psychiatric disorder, compared with a pre-existing psychiatric disorder, significantly exacerbated the risk of suicide in physically ill people (crude IRR = 1.63, 95% CI 1.54-1.73, P50.0001). These findings were sustained in separate analyses for both men and women and also in the analyses adjusted for the effects of sociodemographic factors, albeit with some attenuation (Table 2 and Table 3 ).
Influence of physical illness on risk of suicide, stratified by psychiatric status
The overall effect of physical illness on suicide risk differed significantly according to psychiatric status, with a relatively stronger effect seen in people without than with psychiatric history (w 2 = 541.39, P<0.0001). The IRR, after adjustment for sociodemographic factors and the main effect of psychiatric history, was 1.90 (95% CI 1.84-1.97) for individuals without a recorded psychiatric history, 0.90 (95% CI 0.85-0.95) for persons with a pre-existing psychiatric history, and 1.54 (95% CI 1.46-1.63) for those who developed psychiatric illness after being admitted to hospital for physical illness.
More detailed assessment of the time intervals demonstrated significant variations in suicide risk depending on the precise timing and sequence of onsets for physical illness v. psychiatric comorbidity (Fig. 1) . Suicide risk was particularly elevated when the two types of illness were first diagnosed close in time to each other, regardless which came first. For patients with physical illness and a pre-existing psychiatric disorder, the risk of suicide increased with shortening intervals between onsets of the two types of illness, and the significantly reduced risk was confined only to those with a distant psychiatric history. However, for individuals with physical illness and a subsequent psychiatric disorder, there was an attenuation of suicide risk when psychiatric treatment followed shortly after physical illness, and then the risk turned a. Tests of prevalence differences between suicide cases with and without physical illness and between controls with and without physical illness were all significant with regard to overall psychiatric history and to each of the specific psychiatric diagnostic groups (P50.001). to increase steadily when psychiatric illness developed some years after physical illness. These patterns were replicated in analyses stratified by gender.
Discussion
Key findings and interpretations
To our knowledge, this is the first study to document the extent to which psychiatric comorbidity in physically ill individuals contributes to risk of suicide, and to assess the temporal nature of this comorbidity effect. It shows that people dying by suicide (and also living controls) with physical illness had a higher prevalence of comorbid psychiatric illness than their physically healthy counterparts. A substantial proportion of physically ill people, especially those who died by suicide, had their first contact with psychiatric services after being treated in hospital for physical illness. Although physical and psychiatric illnesses both constituted significant risk factors for suicide, the two types of illness significantly interacted with each other and the temporal relationship between them differentially influences the risk of suicide. People with both types of illness were especially prone to dying by suicide if the two types of illness were first diagnosed close in time to each other, regardless which came first, and if onset of psychiatric disorder developed some years after the diagnosis of physical illness. These results held for both men and women. Our findings support previous evidence of high comorbidity of mental and physical health problems [1] [2] [3] 21 and a strong correlation between physical symptoms and psychological distress. 34 In the complexity of physical and psychiatric comorbidity, growing evidence suggests that biological mechanisms underlie a bi-directional link between many medical illnesses and psychiatric disorders such as depression. 20, 35 Co-occurring psychiatric illness may be symptomatic of an underlying medical condition, and could also a. Incident rate ratios (IRRs) were estimated using people with only psychiatric disorder as the reference group and adjusted for the effects of sociodemographic factors.
be induced by substance use or medication. 5, 6 However, our study also indicates that a large proportion of physically ill patients developed a psychiatric disorder necessitating presentation to a psychiatric hospital after being treated for physical illness, and this was particularly so in suicide cases. These findings suggest an important mediating role of comorbid psychiatric illness as the link between physical illness and risk of suicide.
Previous studies of psychiatric comorbidity in people with physical illnesses have mostly focused on depression, 1-3,13 with little attention being paid to other diagnostic groups. In this study, comorbid psychiatric disorder involved not only affective disorder (mainly depression), but also conditions such as personality disorder and schizophrenia spectrum disorder. Substance use disorder, mostly diagnosed following onset of physical illness, was the second most prevalent psychiatric condition in patients with physical illness, particularly in those who died by suicide. Although the misuse of substances might be present previously, one possible explanation of the high prevalence could be that alcohol and drugs are often used to help ease painful symptoms or distressed mood induced by physical illness, resulting in addictions requiring hospital treatment. In line with this notion, we found that physically ill people more often used poisoning as the method for suicide compared with those without a recorded physical illness. Such a finding is interesting, although not unexpected, because people with physical illness have easier accesses to medication used for treating the illness and for controlling associated symptoms such as pain and insomnia, as well as for treatment of comorbid psychiatric disorders when present. It is also suggestive of an increase in acquired capacity for suicide as a result of greater habituation to pain or medical procedures.
36,37 Although we could not ascertain whether the substances used for poisoning were the medications used to treat the relevant physical illnesses, this finding highlights the need for careful management and control over medication used to treat physical illness, especially when comorbid psychiatric disorder is present.
The strong interactive influence we found between comorbid physical and psychiatric illness on suicide risk concurs with evidence that physical and psychiatric comorbidity is strongly associated with high levels of distress, worsening of quality of life and prognosis of physical illness. [38] [39] [40] Our results are, however, the first we are aware of to demonstrate significant temporal variations of suicide risk according to the time interval and the sequence of physical illness and psychiatric comorbidity. A combination of physical illness and long-standing pre-existing psychiatric history is linked with a lower suicide risk compared with having a psychiatric history alone; however, the risk increases with shortening intervals between having both types of illness. At the same time, being treated for psychiatric disorder shortly after physical illness attenuates the elevated risk for suicide, but development of psychiatric disorder some years after physical illness increases suicide risk substantially. These findings are interesting and clinically meaningful. It is usually anticipated that presence of comorbid psychiatric illness is predictive of worse outcomes of physical illness and increased mortality, [38] [39] [40] and that patients with severe mental illness have worse physical health and shorter life expectancy in comparison with the general population. 20, 41 Our findings further indicate that the influence of physical and psychiatric comorbidity on suicide risk differs according to whether psychiatric illness was already present before physical illness or developed after the diagnosis of physical illness, suggesting a differential effect of the temporal relation of the two types of illness on patients' risk of suicide. It seems likely that treatment of physical illness may have a beneficial effect on pre-existing psychiatric illnesses or onsets, thus weakening the highly elevated risk of suicide associated with existing psychiatric illness. In contrast, development of a psychiatric illness in someone who has been physically ill for a long period may reflect a worsening physical condition and thus have an effect on exacerbating the patient's wish to die. These results emphasise the need for active screening and treatment of psychiatric disorder in people with physical illness, plus vigilance of the development of hopelessness and possible suicidal ideation. Not only may this improve a patient's welfare, it may also contribute to suicide prevention.
Strengths and limitations
Major strengths of this study include its coverage of the entire national population of Denmark and the utility of data collected systematically without a specific research purpose. This ensures the full representation of a national population and minimises possible biases often induced by recall of information and selected access to healthcare, thus making the results highly generalisable, especially to countries or regions with comparable social settings. Also, the collection of data on psychiatric history began in 1969 30 -almost 10 years earlier than the beginning of data collection for physical illness in 1978. 29 This makes the identified first contact for psychiatric disorder after the diagnosis of physical illness more likely to be a new case with psychiatric disorder that required presentation to a psychiatric hospital.
This study has also limitations. First, we considered only serious physical illnesses that resulted in admission to hospital for treatment, which may act as a useful proxy of serious physical illness on one hand, but also leave the influence of mild physical illnesses unascertained. Similarly, we used psychiatric hospital contact as a proxy for psychiatric status, which underestimates the full extent of psychiatric disorders and only reflects more serious disorders. Additionally, we were able to obtain individual data on physical illness only starting in 1978 when the Danish National Hospital Registry was established. Thus, our data cover a relatively long period, but do not enable measurement of cumulative lifetime prevalence for older persons. We should also note that the shorter coverage period of data on physical illness than that for psychiatric contact may have some influence on the results. It could be that an individual could have had physical illness during that period (1969) (1970) (1971) (1972) (1973) (1974) (1975) (1976) (1977) (1978) ) that was comorbid with mental illness but the issue of comorbidity and sequencing during that period remains unaccounted for in the analyses.
Although there are many robust findings in this study, we have primarily examined all illnesses together and therefore obtained the estimates of the average of illnesses in the current study. Given the large sample size, some of the significant findings may not have strong clinical significance. Further analyses looking into whether the interval between physical and mental illnesses predicts the time to suicide from the onset of comorbidity, and the joint effect of specific physical diseases and psychiatric disorders may provide more insights. Also, it may be worthwhile and clinically informative to profile in detail methods used for suicide by physically ill people and to test potential psychological and/or biological theories underlining the relationship between physical illness and suicidal behaviour.
Clinical implications
The role of physical illness as a risk factor for suicide has received relatively little consideration in suicide prevention strategies. 42 Our findings clearly indicate that people with physical illnesses should receive greater attention in this respect, especially those who subsequently become mentally ill. The findings also highlight the need for closer integration of clinical services for somatic and mental health. Clinicians treating people with physical illness should ensure that appropriate local services are available to respond to the medical, emotional and practical needs of people with physical illness. They should also receive training in detection of people at risk of suicide to facilitate early referral where necessary to mental health services. High-quality liaison psychiatric services at both hospital and community care levels
